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ABSTRACT 

I review some aspects of K and B physics botii in the context of the stan- 
dard model and in some cases in a scenario which is rather different from the 
standard model. I discuss, in particular, where we are likely to see deviations 
from the standard model in the near future before new colliders are built. 

1. The Three Family Standard Model. 

In the title, which was given to me by the organizers, I interpret the word way 
as in path. However it also appears that the title somehow implies that new physics 
means the standard model is wrong. What if it is right? What would be the path in 
this case? It is like the story of a visitor to a remote part of Ireland who gets lost. He 
comes to a cross road where he sees an old man sitting. After passing the time of day 
with the old man he then asks for directions to the village he wants to visit. The old 
man thinks for a while and then remarks "If I wanted to go to there, I would not start 
from here." 

1.1. Unitarity Constraints. 

The standard model, with three families has the interaction Lagrangian 

fd\ 



r-i = -^{u c t)j^^,W^V 



s 



+ h.c. (1) 



where g is related to the Fermi constant by 

gy8ml. = GF/V2 (2) 

Here l^, the matrix is a unitary matrix connecting the mass and weak eigen- 

states. It is important to note that it contains information about the left hand quarks 
only. The right hand sector is quite independent of it. For n doublets of quarks the 
CKM matrix is the smallest unitary matrix which can account for all of the mixing 
among the families and at the same time for CP violation. Remember, for a unitary 
matrix with n rows and columns the number of parameters is 1 for n = 2, the Cabibbo 
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angle, and 4, consisting of three angles and a complex phase for n = 3, the CKM 
matrix. In general there are {n — 1)^ parameters which divide up into n{n — l)/2 real 
angles and (n — l)(n — 2)/2 phases. Lack of unitarity of the 3x3 matrix would be a 
sure sign of something beyond the standard model. At the same time, extra families 
obviously introduce a much larger number of parameters, e.g., for n = 4 there would 
now be 9 parameters in total, with 6 real angles and 3 phases. 

1.2. The CKM Matrix and Model Dependencies. 

We have the matrix, in the Wolfenstein formi 

/Kd Vus Vub\ ( 1-T ^ A\%p-tr])\ 

V= Vcd Vs Vcb\^\ -A 1-f AX^ \+0{X') (3) 

\Vtd Vts Vtb) \AX\l-p-tr]) -AX^ 1 / 

The present limits arJ | Ks \= X ^ sin^^ = 0.2205 ± 0.0018, | Vcs \= 1.02 ±0.18, 



Vcd 1= 0.204 ± 0.017 and | 1= 0.9744 ± 0.0010. T 



lere has been new activity 



in the determination of I Vcb I, which now has the valued 0.040 ± 0.003 ± 0.002 



or 



equivalently, from the definition in Eq. y, A = 0.90 ±0.10. A number of attemuts 
to deduce the value of Vcb in a model independent way have recently been given.Em 
There has also been criticism of some of these attempts.ll2l A recent phenomenologicaj 
fit to the data with a parametrization of the Isgur-Wise form factor ^{y) of the formB 
^{y) = i_^2(?/-l)±c(y-l)2, finds p = l.lfLtO.lO and c = 0.67 ±0.25. Some of the 
earlier fitsQiHl violate the unitarity constraintsEj on the slope of ^{y)- 

The elements of the CKM matrix, with rj denoting the amount of CP violation 
lead to a (unitary) triangle in the standard model. The size of the expected CP violation 
parameters e,e' are given by the area of the triangle (in units of 2AX^). Thus, an 
accurate determination of a non-zero value for t] will be a sure sign of CP violation 
in the mixing matrix. Such an effect is usually called indirect CP violation and the 
standard model has both direct and indirect modes of CP violation, as I shall discuss 
below. 




Fig. 1. The unitary triangle in the standard model. 



The present limits on the allowed values of rj, p are still dependent on the mass 
of the top quark, and until this is known, we do not know even if the triangle has 
the angle 7 < it /2 or tt/2 < 7 < vr. It is only possible to give a region of validity. 
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depending on the uncertainties in our knowledge of | Vub /Vcb |= 0.09 ± 0.04,Jih£ 
uncertainty in the bag constant Bk = 2/3±1/6, the B — B mixing parameterliilEj 
Xd = AM /r = 0.708 ±0.085 ±0.071, and the values of the b quark mass and the decay 
constant fs- For example, in a recent review, PichEJ used the values rrib = 4.6±0.1GeV^ 
and fs = (1.7 ± 0.4)/^. More likely, = 4.9 ± O.lGeV^ since the constituent quark 
and current quark masses are not that different for the heavy quarks. A lower_yalue 
of fs = (1.35 ± 0.21/^ would represent the consensus among quark modelsij and 
factorization modelal^ and perhaps even the latest lattice resultij (but see below). 
Many of the possibilities are given in Ref. |l^. 

2. CP Violation and Rare Decays of Neutral K Mesons. 

CP violation in the K system has been with us since 1964, when the effect was 
first seenlla and a full description can be found in books.llj Here I shall briefly describe 
the relevant notation. 

Thfi mass eigenstates Kl and Ks can be written, in the Wu - Yang phase con- 
vention,E9 in terms of the two CP eigenstates Ki and K2, corresponding to CP = ±1 
and CP = —1, respectively, as 



K 



K2 + eKi 



L 



VT+e 



2 



Ks = (4) 



where, in a CP - invariant world, the CP eigenvalues are 

K° -K° K° + K° 

2.1. Direct and Indirect CP Violation. 

The parameter e can be related to the quantities ?7+_ and rjoo which are defined in 
terms of the ratio of the amplitudes for decays into CP - forbidden and CP - allowed 
27r combinations as follows:- 

V+- = (vr+TT- \ T\Kl) /{n+n- \ T\Ks) 
r]oo = {n°n''\T\KL)/{'K°7r°\T\Ks) (6) 

When all the complications of phases are fixed up (see Rosneriil for a very com- 
plete discussion on this) the quantities ?7+_ and rjoo can be written in terms of two 
small quantities e and e':- 

r]+.=e + e' Voo = e - 2e' (7) 

If the world were CP invariant then both types of rj quantities would be zero. 
The parameter e is a measure of the CP violation coming from the mixing in the mass 
matrix and is called indirect CP violation. The parameter e' give a measure of the CP 
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violation in the decay amplitudes, which is called direct CP violation. A non - zero 
value for this leads to the relation 



\Voo/v+-\^-'^~QRe{e' /e) (8) 

At the moment there are two conflicting values for (s'/e) with the CEIB,N ex- 
periment,!^ NA31, reporting (2.3 ± 0.7) x 10^'^ and the Fermilab experiment,c3 E731 
finding a null result (0.60 ±0.69) x 10"'^. The first of these would indicate that CP vio- 
lation takes place in both ways, through the mass matrix and in the decay amplitudes, 
while the second has only the indirect, mass matrix source. This latter case could be 
explained in a number of ways, including the superweak model,c3 which was set up to 
give CP violation only through the mass mixing. 

The phases of e and e' are determined_^by the final state interactions in the vrvr 
system and are nearly equal to-one anothercj and to 7r/4. In the standard model, e is 
calculated using box diagrams" and e' comes from penguin diagrams. The AS = 2 
Lagrangian from the box diagrams give an effective 4 - quark operator which is usually 
calculated in the vacuum insertion approximation, 

{K"\{sd)v-A{sd)v-A\K°) = (8/3)5x/i^W (9) 

Here Bk is the bag constant, which parameterizes the vacuum approximation and 
which is the subject of considerable uncertainty. In the discussion above on the CKM 
parameters I used the central value of 2/3. The range of values in the literature range 
from 2/3±0pLin calculation^^! through a much sraaller value in hadronic sum rule 
calculations,E3 slightly higher values in QCD sum rulesEa of 0.54 ±0.22 and 0.87 ±0.20 
in a lattice calculation.c£! On the other hand, the decay constant is well known,a fx = 
159.8 ± lAMeV. In the standard model the penguin and box diagrams differ slightly 
in phase and it is expected that e'/e ~ 0.5 — 1 x 10~^, i.e., there should be some direct 
CP violation. 

2.2. Possible Origin of CP Violation. 

A number of new physics models have been discussed in the literature and I do not 
want to repeat that here.E! Instead, I will discuss a radical new proposalEl on the origin 
of CP violation. This will indeed be beyond the standard model if it is proven viable. 
There is a very different signal from the standard model - and even most non-standard 
models. 

In a recent papertj Chardin and Rax revive an old idea that was dismissedE^S 
before the discovery of CP violation. In an early article by MorrisonO it was pointed 
out that the anti-gravity theory violated CPT invariance, the Eotvos expeiiinent, and 
energy conservation - not a good start for any theory! A little later, Good!23 discussed 
the same problem in the context of K physics. He showed that the K^-Ks mass 
difference is a very sensitive measure of any new physics that would cause a difference 
in the mass, weight or potential energy of the system. In particular, since 5Mk = 
3.522 X 10~^el^ and the potential energy of a at the earth is about 0.4eV this 
imposes very stringent limits on the change of the mass matrix. For example, if the 
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neutral K mass matrix is writterS as:- 



Mk + V{1 + 5) iW \ 

iW Mk + V{1-6) ) 

where V is the gravitational potential and 6 represents the fraction which changes sign 
in anti-gravity, then 6 has to be extremely small since e = V6 /AM ^ 7^. Here 7 is 
the usual Lorentz factor and p depends on the type of field causing the violation. This 
can be an important effect since experiments have been done up to a value of 7 = 100. 
The values of p are 0, 1, 2 for scalar, vector and tensor fields, respectively. Thus a vector 
field will have a limit for 6 relative to a scalar field that is down by 7 while a tensor 
field is down by 7^. 

Despite these pessimistic arguments, the idea has recently been discussed^ and 
revived.Ey The latter argument can be stated by using the dimensions of the system, the 
size of the K and the time needed for mixing via weak interactions St ^ h / AMc^. If the 
quark anti-quark separation in a time t ^ 6t is larger than the size of the K then a large 
Ks component could be regenerated. An estimate of this can be given: gt"^ ^ exh / M^c 
which gives t ^ 1.7Ar. This suggests that the CP-violating parameter could be written 
as e ~ gAr'^h / Mkc. Any type of long range mechanism for CP-violation will have 
e' = but this one has a distinctive difference from, say, the superweak model, in that 
the similar parameter for CP-violation in B mesons will scale down by 10"'^ from the 
values of Ek- Thus, indirect CP-violation in K mesons and a detection of CP in B 
physics will certainly tell whether there is anything to this proposal. 

2.3. Rare K Decays: Present and Future. 

Here, I shall review, briefly, the possibilities of using the rare decays of K mesons 
to either get bounds on some of the quantities discussed above or to see something 
new. Most of the experimental limits are still well above the expected standard model 
predictions. 

•K^ — s> n^vu: the present limitE3 from BNL-E787 at 5 x 10^^ is now about an 
order of magnitude greater than the expected rate. This mode would measure both p 
and Tj. Until it is seen at the expected rate, it can only signal new physics! However, 
the chances of this happening are now quite slim - when I gave this talk the limit was 
about an order of magnitude larger. 

•K° fifl: the measured branching fraction of (7.3 ± 0.4) x 10~^ seems to be 
understoodtJ in terms of the process — > 77 — pj2. 

•K° L — > 7r°z/z/: the expected branching fraction ia < 10^^^ which is well below an 
old experiment which has been retroactively analyzeda to give a branching ratio limit 
of 7.6 X 10-3. 

•K°L^s —>■ 11- the expected^ ratio of \e' /el ^ 0.02. 

•K° L —>■ 'K°e^e~: the present limit is 5.5 x 10^^. The theoretical calculations of 
this mode have been controversial. Decays via the CP-violating mode are expected 
to dominate and give a limit of about 10"^^ or even an order of magnitude smaller. 
There is some doubt about whether the direct and non direct CP-violation parts are 
of the same order of magnitude (in which case there could be significant interference). 
A further controversy revolves around the 27 CP-conserving intermediate state 
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TT 77 

-11 



we now have 
7777 vr°e+e- < 4.5 xlO^^^ 



ZL°e+e . Hera^the estimates are all over the map from the larg 
10-^\ t(M 10-1^ tc0ia 10-13 ~ 10-1^ In fact from a recent NA31 resuH^^ 
Br{KL 77^77) = (1.7±0.2±0.2) x 10-^ so that K°^s 
; the CP-violation mode is in fact the dominant one. 

For future prospects in K physics we shall have to wait for a new facility such 
as the proposed KAON factory in Canada. An iiuiication of the type of mass limits 
possible in such a facility has been recently given.E3 From the LEP talk at this meeting 
we see that the limits on the Higgs Scalar already exceeds any of the limits expected 
at KAON. 



3. B Physics 



Although K meson physics has been an important source of information leading 
to the formulation of the standard model, B meson physics is much newer and full of 
promise. This can be seen in the relevant numbers of papers with the letter K (1064) 
or B (1762) in their title as listed in the SLAC database (by July 17, 1992). (Not all 
of these deal with the mesons - some refer to algebras!). 

3.1. J'b and CP Violation Asymmetries. 

One important constant which is not known at the moment is fs- There are a 
number of attempts to calculate this; if we write Jb = nf^^ then the question at the 
moment is whether n ^ 1 or 2? In the table we summarize the results from different 
types of calculations. 

Table 1. 

This summarizes the present state of a number of calculations of the ratios of the 
decay constants in units of /t^; in some references only a few of the decay constants 
are available. For comparison, I also show the appropriate constants in D decays. 



Jb fs. Id Id, Reference Method 


1.1 1.4 1.8 


14| hyperfine int. 


0.8 1.2 1.33 1.8 
0.9 1.1 1.4 1.6 
1.4 1.7 


4| lattice 
2| 

n 


0.9 1.3 1.1 1.6 
0.6 .6 0.9 1.0 
1.7 1.9 1.4 1.5 
1.2 1.6 1.8 2.2 


50| potential model 

53 

5| 

5| 


1.4 1.7 2.0 
1.4 1.5 1.3 1.6 

0.9 1.2 1.5 


54| sum rules 

5| 

5| 

m 


1.5 1.7 


58| rel. quark model 


1.1 1.4 1.7 2.1 


15| factorization 
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To get some of these values, I used Jd^ = 276 from the estimated result0 
fi)^ = 276 ± 45 ± 44 since in some cases only the ratios of the coupling constants 
were calculated. The lattice results in the table are now a few years old. More recent 
lattice calculations tend to get larger values for /b/Ztt, viz., /b/Ztt = 2.3 (ref. |^), 
1.4 < /b/Ztt < 1.9 (ref. ^), and fs/ fn = 1-5 (ref .^T]) . However, there are large errors 
and e.g., in the latter case the quoted result is fs = 195 ± 10 ± 30 — 60 where the 
first two are roughly the statistical and systematic errors and the last error only has a 
minus sign, representing the difference in two methods used.cZl 

It is important for CP-violation (for recent reviews see, e.g. ^ ^ and |6^) that 
we get a good estimate on fs- For example, the important mixing ratios, Xd and Xg 
are significantly affected; in the standard model they arise from the box diagrams 
dominated by t quark exchange; 

AM 

Xd = = 7r2 \ Vtd\^ M^m,BBflr]BTBE{xt) (10) 

with a similar equation for Xg- Here, E(x) is a known functionlfi shown below in 
Section 3.3, rjB is a QCD correction, Bb is the appropriate bag constant and tb is the 
lifetime. As shown below, the mixing ratios also enter into the CP-violating asymme- 
tries. 

3.2. An Ambiguity in the Standard Model. 

In this section we consider the CP-violating asymmetries in some detail, since it 
has recently been shown that there could be an important ambiguity in the standard 
model. 

The asymmetry in the decay B ipKs is defined as 

\^ T{B° ^ijKs) + T{B° -^ijKs) 

In an actual experiment, the semi-leptonic decays tag the identity of the particle- 
antiparticle, since 5° — > /~ + ... while B° — > /"•" + .... When time ordered, there are four 
possible combinationsH 

Bo^B° ^/-(ti) ^K°sit2) t,>t2 (1) 

^/+(tl) ^K°{t2) t^>t2 (2) 

^/-(ts) ^K°{ti) t2>t, (3) 

^/+(t2) i^K°s{ti) t2>t, (4) 

The asymmetry AltpKs) is then defined by: 

(1) + (2) + (3) + (4) ^ ' 

In the standard model, the angles (3 and a of Fig. 1 are related to the asymmetries 
of the decays of the B into final states ipKs and tt+tt^, respectively in the following 
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wajS§:- 



sin{2p) = - —— A{ijK, 



(^) 



sin{2a) = - (^^^) A(7r+7r-) (13) 

where the mixing fraction is x = AM /T = 0.708 ± 0.085 ± 0.071. 

In the superweak model, there is no direct CP-violating effect, e' = 0, never- 
theless, B — B mixing can give rise to a non-zero asymmetry. Since CP(7r"'"7r~) = 1 
and CP{ipKs) =p-|r4 superweak model would predict a change in sign between the 
two final states.Ea'tZl That is, if a = P, then the standard model would have the same 
(negative) asymmetries in both cases whereas the asymmetries have opposite signs in 
the superweak model. 

It has been recently pointed outO that there could be a situation in which the 
standard model is indistinguishable from the superweak model (at least with regard 
to these asymmetries). This occurs when sin{2a) + sin{2(3) = 0. This means that 
the standard model would mimic the superweak model for any p > and with the 
constraint 77 = (1 — p)^p /{2 — p) 

3.3. Rare B processes - mixing 

Here, we consider B — B mixing with the spectator quark being a d quark. We 

AM f [0.85 ± 0.05] 4:E{xt) ~ 



have 
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1.1 dnxh 



60. (14) 



where Xq = rn^ /"^w ' ^^'^ numerical factors representing QCD correct ionsE3'EI and 

9 

Eix] 





4(1 -a;) 2{x-iy 
^ 0.159 + 0.582X- 0.015x2 (15) 

with the last approximation to the first line coming from a recent determination,^ 
and which agrees very well with the full expression for 1 < Xt < 9.5. Notice, that 
as the limits on the top quark mass have risen in the past few years, care should be 
taken in usingsuch approximations. For example, just a few years earlier, another 
approximationE3 was given, E(x) ~ 0.75x''''^. This widely disagrees with the full form 
of E{x) in the present case for which Xt > 1. 

The quantity AM /ri2 is a good one for showing something beyond the stan- 
dard model. The calculation of is well understood. It comes from cutting the box- 
diagrams, so it is tree-level W mediated and there does not seem to be a competing 
model available. If the ratio in Eq. (|15|) is to be made smaller then something must 
happen to the calculation of AM. Since we know that AM /F ~ 0.7 it is not a simple 
matter in the standard (or nearly standard) model to make much of a change. 
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4. Inclusive Rare Decays of B Mesons. 

Inclusive rare decays of the B meson, considered as decays of the form 6 ^ a^y 
and b ^ sg have been the subject of a great deal of interest over the past few yearsl^ 
In the following section, we look at the standard model calculation and estimate the 
reliability of the calculations. 

4.I. The Standard Model. 

The original calculation,^ based on the similar calculation^ in d ^ S7, suggested 
that if the top quark was light with 20GeV < nit < GOGeV, say, then the pro££ss 
6 — > S7 would be an excellent top quark "mass meter" It was later pointed out,^!^ 
using a modified version of the work of Shifman et al.JIj that the short distance QCD 
enhancement of the a.F operator would cause an increase in the rate for 6 — 57. 
However, both groups ignored terms coming from graphs with the photon attached 
to the down quark line and also ignored mixing_^effects from graphs with an internal 
gluon. More exact calculations came soon after.&ll^ 

We now have confidence that the QCD scaling of the coefficient functions of 
the effective operators is understood and so we are able to estimate well a number 
of quantities which are of interest experimentally. The most basic of these is the rare 
inclusive decay b —>■ sj. When the quark and photon fields are on shell, the only 
operator which contributes is the magnetic-moment operator O5, in the notation of 
Ref |7B|, whose coefficient function is C^^rrib). 

The width for the free quark decay 6 — > S7 is given by 

r(6 - S7) = I {C,{m,)f (16) 

where a = 1/137. The dependence on and the CKM elements may be removed by 
the usual trick of normalizing to b-quark semileptonic decay b —>■ ceVe- The width for 
this process is given by 



Glml 



SL 



V,,\' p{ml/ml)x{ml/ml) (17) 



1927r3 

where the phase-space factor p depends on the non negligible ratio y = ml /ml: 

p{y) = l-%y + %y^-y^- I2y^ \ny (18) 

and equals 0.447 for m^ = 1.5 GeV and rm = 4.5 GeV. The factor x is the one-loop 
QCD correction to the semileptonic decayEJ: 

= 1 _ !^/(,). (19) 

3tt 

with f (ml/ml) ^ 2.4; this correction gives a modest 12 per cent suppression to the 
semileptonic width. Experimentally, the ratio | VtsVtb/Vcb |~ 1, so the KM elements 
cancel. 
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The result for b ^ s'y normalized to semileptonic decay is 



SL 



2a 



(20) 



The branching ratio for 6 57 is obtained by multiplying this by the semileptonic 
branching ratio, which is found experimentally to be about 10 per cent. In Fig. 2 the 
upper line gives the branching ratio evaluated at /z = m^, and the lower line at /z = M\y. 
One sees that QCD scaling from Mw down to mb enhances the branching ratio. The 
magnitude of the enhancement depends on the top quark mass, and is smaller at the 
larger values of rrit. This is because the GIM suppression is weaker at large m^. The GIM 
suppression is partially "undone" by QCD, and because there is less of a suppression 
to "undo" at large rrit, the size of the QCD effect is smaller. 

With the top quark mass expected to be somewhere around 140 GeV, and includ- 
ing the QCD corrections, means that the sensitivity to rrit is reduced compared to the 
original expect at ions. 153 The decay becomes less useful as a top quark "mass meter". 
On the other hand this lack of sensitivity to an unknown parameter of the standard 
model makes the decay a good place to look for signals of new physics beyond the 
standard model. 

0.0006 




Q I 1 1 I 1 I 1 I I I I 

80 100 120 140 160 180 200 220 240 
top quark mass (GeV) 

Fig. 2. The effects of QCD corrections. 

The error bars in Fig. 2 reflect the fact that the QCD scale parameter Aqqd is 
not well known; the curve is plotted for a central value of 200 MeV, with a range of ± 
100 MeV. Larger values of Aqcd correspond to larger values of the branching ratio. 

The process b ^ sj also receives a contribution fromll3 b sg. For all practical 
purposes, the effect is negligible. Recently a corrected calculation for b ^ sg was given 
by Misiak.La Also, a correction taking into account the fact that the top quark is now 
thought to be much heavier than the W meson shows that the branching ratio increases 
by as much a£B 14% at the higher values for rrit, though still within the errors coming 
from Aqcd shown in Fig. 2. 
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A simple numerical representation of the results of the QCD corrected inclusive 
decay (central value in Fig. 2) is 

BR{b S7) = (2.314 + 0.5814xt - O.OSSxt^) x 10"^ (21) 

where, as usual, Xi_= mf /ttl^y. The most up-to date limit on the branching ratio for 
the inclusive decayO is 8.4 x lO"'' 

4.2. Other Models. 

I have not enough space to give more than a brief mention of models beyond the 
standard model since, in many cases, there are a number of parameters that can be 
adjusted. The major extensions to the standard model are; 

• Extra Families. With extra families the parameters can be tuned to give rare b 
decays with a branching ratio near to the present bounds. The limit on the number of 
neutrino families from the LEP data which now requires that a fourth generation has 
m 
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> Mz /2 creates a serious difficulty for these models. 



Supersymmetry. See the talk by BorzumatLl^^O 

• Extra Higgs, models with non tree-level Flavor Changing Neutral Currents. 
After e, e' je and mixing constraints are applied, these keep the expected magnitude 
of the rare h decays at the order of the standard model.o 

• Left-Right symmetry. These models need fine tuning. Like SUSY, there are 
many variations. 

5. Exclusive Rare Decays in the B System 

There are limits on the exclusive decays of the B meson which come from four 
groups, ARGUS and Crystal Ball at DESY, CLEO at CESR and UAl at CERN. At the 
time of writing, the best limits on the various decays were those listed in the following 
table: 

Process 



B - 


^ (892)7 


B" - 


^ K*(892)°7 


5+ - 


^ ir*(892)+7 


5+ - 


^ /r(892)+7 


B° - 


> ir*(1430)°7 


B+ - 


► ir*(1430)+7 


B° 


^ K°e+e- 



B+ 

B° 
B+ 



B° 
B° 



K*{892ye+e' 



Limit 


Experiment 


Reference 


2.4 X 10-^ 


ARGUS 




0.92 X 10-^ 


CLEO 





5.2 X 10-^ 


ARGUS 


s 


3.7 X 10"^ 


CLEO 


m 


4.4 X 10"^ 


ARGUS 


E 


1.3 X 10-3 


ARGUS 




1.5 X 10-^ 


ARGUS 




5 X 10^^ 


CLEO 


m 


2.6 X 10-^ 


ARGUS 


m 


1.5 X 10"^ 


CLEO 




2.9 X 10"^ 


ARGUS 


m 


2.3 X 10~^ 


UAl 
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5.1. Model Dependency. 



Some of these limits, e.g., B — > A'*7, are only a factor of a few times that 
calculated. I will examine the model dependency of the types of calculations that 
have been done so far. We shall see that whereas the inclusive decays are very well 
understood, the exclusive decays still have a lot of uncertainty. 

The hadronic matrix elements relevant to the transition B{bq) V{Qq), where 
y is a vector meson, are given byE3 



+ 



\ml-ml)el-e*-q{k' + k),]h{q') 



+e ■ q 



{k' - k), 



[nil 



-{k' + k)^ 



fsi^) ,(22) 



{V{k)\Qj^bL\B{k')) = Ti(g2),£^^,^e*''A;'^r 



+Ts{q')e* ■ q{k' + k), + T,{q')e* ■ q{k' - k)^ . (23) 

where q = k' — k. i— ii— i 

In the static 6-quark limitj£2rEJ the 6-quark spinor has only upper component in 
the B rest frame. Thus in the B rest frame, we have the following relations between 
the 7^ and a^i. matrix elements: 



{V{k)\Q^MB{k')) 
{V{k)\Q^a^h\B{k')) 



{V{k)\QiaoMB{k')) , 
-iy{k)\Qta,a^h\B{k')) 



(24) 
(25) 



which relate the form factors /i,2,3 to Ti^2,3,4 as 



UlB 



f2 



{niB - Ev) - {rriB + 



m 



B 



mt 



Ti 



2m B 



m% - my + q^) T2 



ml-ml){Ti + T2 + T3-n) . 



(26) 

2 , 
(27) 
(28) 



where Ey = {m\ + my — q^) / {2mB). 

Now, we wish to consider the case where V is the K* . The branching ratio of the 
exclusive process B -^J£l^ to the inclusive process b ^ S'j can be written in terms of 
/i and /2 at q^ = 0, asi'i 



R 



mumi 



T{B ^ K*-f) _ 
r{b 57) m%{ml — mlY 2 



K*j 



i/i(o)r+4i/2 



(29) 



Using the static b quark limit, Eqs. (p^) and (127|), we have /2(0) = (l/2)/i(0). This is 
often referred to as a quark model result but it is clear that it is more general than 
that and requires only that the b quark is heavy enough. 
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Althojigh ±here is now only one form factor to calculate, this is still a controversial 
calculationE3'&E^ with there being a factor of about ten uncertainty coming from the 
way in which the large recoil of the K* is handled. 

I will review the quark model calculations to show where the ambiguity arises. 

The problem comes from the momentum wave functions. These are determined 
by solving the Schroedinger equation of the corresponding qq system with a Coulomb 
plus linear potential^^EZl between the quarks. For L=0 meson states, which we will 
consider here, they are chosen to be Gaussian wave functions of the form 

m = {^P')-"'e-^^'''^\ (30) 

with a variational parameter (3. The formulation of the relative momentum wave func- 
tion is then obviously non relativistic. The q^{k + p)q2{—p) system of the K* becomes 
highly relativistic in the region of large recoil and the use of the above non relativis- 



tic momentum wave function for is then questionable. In Ref. |96| this problem 
was treated by fixing the meson and quark spinor normalizations at the zero recoil 
point and ignoring all of the recoil dependence in the matrix element except for the 
momentum wave function part. The recoil momentum can be written as 



1^1 = J - Ml, = Jl + ^"^ M^.U-q2 (31) 

where = {Pb — Pk*Y and tm = {Mb — Mk*Y . Since q^ = tm corresponds to the point 



of zero recoil, we have \k\ = \J Mk- /MB^Jtm — q^-, the non relativistic form for \k\ near 
this point. This non relativistic form of the recoil momentum in the momentum wave 
function was adopted in Ref. and the recoil dependence of the matrix element at 
large recoil was prescribed by multiplying \k\ with a relativistic correction factor I/k 
(k = 0.7 was determined tai, fitting the pion form factor to experiment^). 

Last year, we showedE^ that it is possible to do without k if the recoil dependence 
of the spinors is taken into account. A similar result has now been given using Bjorken's 
sum rule in heavy quark symmetry. Nevertheless, the problem remains that, depending 
on the choice of how the evaluation of \k\ is performed, there can be a factor of about 
five in the result for the exclusive decay. 

I have not been able to account for the extra factor of two for the branching ratio 
in the sum rule approach 

5.2. Heavy Quark Symmetries. 

One way to overcome the model dependencies that pla gue th e exclusive calcula- 
tions might be to try the heavy quark symmetry approach. EI'l3t123 It has been pointed 
outaE^ that heavy quark symmetries could relate the data on the semi-leptonic decays 
D Ke^u and D K*e^v and provide information relevant to the exclusive decay 
B — >■ K*'^. However, there is the problem of continuation of these symmetries from 
zero recoi]_momentum across the Dalitz plot to the largest recoil = 0. It has been 



suggestedliHa that the relations among the operator matrix elements might be valid over 



the full kinematic ranges even for transitions of the type 6 — > s. 
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The question has been raisedllSJ whether ±he s quark is sufficiently heavy to apply 
these symmetries to the K*. Here, I will showt2a that the important ingredient is that 
the b quark is heavy and that corrections are suppressed. 

The heavy quark symmetries are derived in the large mass limit. Many of the 
relations have been known to hold, at least in an approximate sense, in the quark 
model. For example, in the heavy quark model, the spin of Q in V{Qq) decouples from 
the gluon, giving 

s§\vm) = l\pm) , s^\p{Qq)) = l\vm) ■ 

where Sq is the spin operator of the Q quark, and P is the scalar meson corresponding 
to V with the same quark content of Qq. The matrix relations 

{V{k)\QTb\B{k')) = 2{P{k)\[S§,QTb]\B{k')) , 

for r any product of 7-matrices, then gives additional relations among the form factors 

- Ti = 2T3 = -2T4 (32) 

These relations are also valid, to within a few percent, in the quark modehi^ 

Instead of seven, we now have two form factors, Ti and T2, say. We further assume 
that the quarks are sufficiently heavy so that in the equation of motion of the quarks 
we can replace the quark masses with the meson masses, 

{V{k)\Q{^ - Iji)^,b\B{k')) ^ -{mn + mv){V{k)\Q^,b\B{k')) . (33) 

Since rrib ^ rriB, and ms > mv, the error of using my in place of uiq is suppressed. 
The static b limit, {V{k)\Q-f5b\B{k')) = -{V{k)\Q-fo75b\B{k')), lets us relate T2 to Ti; 



[m^ - my) 



2 



To 1 



{mB + mvY-q^ (34) 



Ti 2 

The symmetries relate the form factors in the following ways^l: 



m 



B 



m 



K* 



{niB + rriK' Y - q^ 
{tub + rriK*) ^'^ 



To = 2T, = -2T. 



2{niB + niK*) 
{niB + niK^Y - q' 



f2 



rriB - rriK* 



(35) 



The presence of masses here show the effect of mass breaking of the heavy quark 
symmetries. On the other hand, the above discussion explicitly shows that the errors 



are controlled, even for a K* ^ which normal 
candidate for the heavy quark theory. A plot 



would not be thought to be a good 
of individual terms in Eq. (^) (times 



a normalization factor y/AmBrriK*) shows that the equalities hold very well, with less 
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than about a 15% discrepancy, across the whole kinematic region to = 0. The small 
discrepancy reflects the error of using my in place of mq, as noted above. 

However, there still remains the troublesome problem of what to do with the 
overlap function. A start to solving this was proposed by Burdman and DonoghueHl 
in which the heavy quark symmetry arguments were used to relate B K*'y to the 
semileptonic process B pev using the static 6-quark limit and SU (3) flavor symme- 
try. The problem with this is that the semileptonic decay vanishes at the kinematic 
point they use. This means that experimentally there should be no event at that point 
and very few in the neighbourhood, causing a large uncertainty in the measurement. 
Recently a new relation between the branching ratio R{B K*'y) and the g^-spectrum 



for B —>■ peu has been given.ll^ A direct measurement of dr{B —>■ peu)/dq'^ at = 
can therefore provide relevant information for R{B — » K*'y) since the g^-spectrum for 
B pev does not vanish at = 0. 

References 

1. N. Cabibbo, Phys. Rev. Lett. 10 (1963) 531. 

2. M. Kobayashi and T. Maskawa, Prog. Theor. Phys. 49 (1973) 652. 

3. L. Wolfenstein, Phys. Rev. Lett. 51 (1983) 1945. 

4. Review of Particle Properties, Phys. Rev. D45 (1992). 

5. G. Burdman, Phys. Lett. B284 (1992) 133. 

6. A.V. Radyushkin, Phys. Lett. B271 (1991) 218. 

7. M. Neubert and V. Rieckert, "New Approach to the Universal Form Factors in 
Decays of Heavy Mesons", preprint HD-THEP-91-6 (1991) 

8. M. Neubert, Phys. Lett. B264 (1991) 455. 

9. M. Neubert, Phys. Rev. D45 (1992) 2451. 

10. E. de Rafael and J. Taron, Phys. Lett. B282 (1992) 215. 

11. E. Thorndike, private communication. I have derived the value quoted from the 
CLEO measurement of Xd = 0.167 ± 0.019 ± 0.018, where Xd = /2(1 + x"^). 

12. C. Benchouk, these proceedings. 

13. A. Pich, in Intersections between Particle and Nuclear Physics, ed. Willem T.H. 
van Oers (American Institute of Physics, New York, 243, 1992) p. 634. 

14. P.J. O'Donnell Phys. Lett. B261 (1991) 136. 

15. J. Rosner Phys. Rev. D42 (1990) 3732. 

16. A. Soni, private communication. 

17. A.J. Buras and M. Harlander, "A Top quark story: Quark mixing, CP violation and 
rare decays in the standard model." MPI-PAE-PTH-1-92 (Jan 1992) 144p. Heavy 
Flavors, (Eds. A.J. Buras, M. Lindner, World Scientific Publ. Co., Singapore). 

18. J.H. Christenson, J.W. Cronin, V.L. Fitch and R. Turley, Phys. Rev. Lett. 13 
(1964) 138. 

19. P.K. Kabir, The CP Puzzle, (Academic Press, New York, 1968.) 

20. T.T. Wu and C.N. Yang, Phys. Rev. Lett. 13 (1964) 380. 

21. J. Rosner, in Proc.of TASL90 (World Scientific, Singapore, 1990) 

22. G. Barr, in Proc. Intl. Lepton Photon Symp. and Conf. on HEP (eds. S. Hegarty, 
K. Potter and E. Quercigh, World Scientific, Singapore, 1992) 179. 

23. B. Winstein, in Proc. Intl. Lepton Photon Symp. and Conf. on HEP (eds. S. 
Hegarty, K. Potter and E. Quercigh, World Scientific, Singapore, 1992) 186. 

24. L. Wolfenstein, Phys. Rev. Lett. 13 (1964) 562. 



15 



25. T.P. Cheng and L.F. Li, Gauge Theory of Elementary Particles (Clarendon Press, 
Oxford, 1984) p. 379. 

26. W.A. Bardeen, A.J. Buras and J.-M. Gerard, Phys. Lett. B211 (1988) 343. 

27. A. Pich and E. de Rafael, Phys. Lett. B158 (1985) 477; Nucl. Phys. B358 (1991) 
311. 

28. N. Bilic, C.A. Dominguez and B. Guberina Z. Phys. C39 (1988) 351. 

29. M.B. Gavcla ct.al., Phys. Lett. B206 (1988)113; Nucl. Phys. B306 (1988) 677. 

30. G. Chardin and J.M. Rax Phys. Lett. B282 (1992) 256. 

31. P. Morrison Am. J. Phys. 26 (1958) 358. 

32. M.L. Good Phys. Rev. D9 (1973) 3292: Physics Today 33 (1980) 24. 

33. J.S. Bell, in Fundamental Symmetries, eds. P. Bloch, P. Pavlopoulos and R. 
Klapisch (Plenum, New York, 1987) 13. 

34. T. Goldman and M.M. Nieto, Phys. Rep. 205 (1991) 221. 

35. quoted by P. Drell in lCHEP-92, Dallas. 

36. C.S. Kim, J.L. Rosner and C.-P. Yuan, Phys. Rev. D42 (1990) 96. 

37. Stefan Herrlich and Jan Kalinowski, " Direct CP violation in K, B ^ 77 with heavy 
top quark", preprint, TUM-T31-17-91 

38. T. Morozumi and H. Iwasaki, Prog. Theor. Phys. 82 (1989) 371. 

39. L.M. Sehgal, Phys. Rev. D38 (1988) 808; Phys. Rev. D41 (1990) 161. 

40. J. Flynn and L. Randall, Phys. Lett. 216B (1989) 221. 

41. J. Donoghue, B.R. Holstein and G. Valencia, Phys. Rev. D35 (1987) 2769. 

42. G. Ecker, A. Pich and E. de Rafael, Nucl. Phys. B291 (1987) 692. 

43. M. Craddock and P. Kitching, in Beam Line 21 (1991) 1. 

44. D. Bortolctto and S. L. Stone, Phys. Rev. Lett. 65 (1990) 2951. 

45. C.R. AUton et al, Nucl. Phys. B349 (1991) 598. 

46. R. Sommer et al, Nucl. Phys. B374 (1992) 263. 

47. C. Bernard and A. Soni, Quantum Fields on the Computer (ed. M. Creutz, World 
Scientific, Singapore, 1992) 

48. C. Bernard, T. Draper, G. Hockney and A. Soni, Phys. Rev. D38 (1988) 3540. 

49. T.A. DeGrand and R.D. Loft, Phys. Rev. D38 (1988) 954. 

50. H. Krasemann, Phys. Lett. 96B (1980) 397. 

51. M. Suzuki, Phys. Lett. 162B (1985) 392. 

52. P. Cea, P. Colangelo, L. Cosmai and G. Nardulh, Phys. Lett. 206B (1988) 691. 

53. S. Capstick and S. Godfrey, Phys. Rev. D41 (1990) 2856. 

54. C.A. Dominguez and N. Paver, Phys. Lett. 197B (1987) 423. 

55. S. Narison, Phys. Lett. 198B (1987) 104. 

56. L.J. Reinders, Phys. Rev. D38 (1988) 947. 

57. M.A. Shifman, Usp. Fiz. Nauk 151 (1987) 193. [Sov. Phys. - Uspehki 30 (1987) 91] 

58. R.R. Mendel and H.D. Trottier, Phys. Lett. 231B, 312 (1989); Phys. Rev. D40 
(1989) 3709. 

59. E.A. Paschos and U. Tiirke, Physics Reports 178 (1989) 145. 

60. Y. Nir and H.R. Quinn, "Theory of CP Violation in B Decays" , preprint, SLAC- 
PUB-5643. 

61. T. Inami and C.S. Lim, Prog. Theor. Phys. 65 (1981) 297. 1772 (errata). 

62. B.A. Campbell and P.J. O'Donnell, Phys. Rev. D25 (1982) 1989. 

63. D. Hitlin and S. Stone in Beam Line 21 (1991) 8. 

64. I. Dunietz and J. Rosner, Phys. Rev. D34, (1986) 1404. 

65. C.O.Dib, I. Dunietz, F.J. Gilman and Y. Nir, Phys. Rev. D41 (1990) 1522. 



16 



66. J.-M. Gerard and T. Nakada, Phys. Lett. B261 (1991) 474. 

67. B. Winstein, Phys. Rev. Lett. 68 (1992) 1271. 

68. I.I. Bigi and F. Gabbiani, Nucl. Phys. B352 (1991) 309. 

69. A.J. Buras, W. Slominski and H. Steger, Nucl. Phys. B245 (1984) 369. 

70. A.J. Buras, in Rare Decay Symposium (eds. D. Bryman, J. Ng, T. Numao and 
J.-M. Poutissou, World Scientific, Singapore, 1989) 249. 

71. R. Grigjanis, P.J. O'Donnell, M. Sutherland and H. Navelet, preprint. University 
of Toronto; this reviews the work done in the inclusive decays and has a complete 
set of references. 

72. S. Bertolini, F. Borzumati and A. Masiero, Phys. Rev. Lett. 59 (1987) 180. 

73. N.G. Deshpande, P. Lo, J. Trampetic, G. Eilam and P. Singer, Phys. Rev. Lett. 59 

(1987) 183. 

74. M.A. Shifman, A.I. Vainshtein and V.I. Zakharov, Phys. Rev. D18 (1978) 2583; 
Ya.I. Kogan and M.A. Shifman, Sov. J. Nucl. Phys. 38 (1983) 628. 

75. B. Grinstein, R. Springer and M.B. Wise, Phys. Lett. B202 (1988) 138; Nucl.Phys. 
B339 (1990) 269. 

76. R. Grigjanis, P.J. O'Donnell, M. Sutherland and H. Navelet, Phys. Lett. B213 

(1988) 355, errata (to be published in Phys. Lett. B). 

77. G. Cclla. G. Curci, G. Ricciardi and A. Vicere, Phys. Lett. B248 (1990) 181. 

78. M. Misiak, Phys. Lett. B269 (1991) 161. 

79. P. Cho and B. Grinstein, Nucl. Phys. B365 (1991) 279. 

80. N. Cabibbo and L. Maiani. Phys. Lett. B79 (1978) 109; J. L. Cortes, X.Y. Pham 
and A. Tounsi, Phys. Rev. D25 (1982) 188; G. L. Fogh, Phys. Rev. D28 (1983) 
1153. 

81. M. Danilov, in Proc. Intl. Lepton Photon Symp. and Conf. on HEP (eds. S. Hcgarty, 
K. Potter and E. Quercigh, World Scientific, Singapore, 1992) 333. This quoted a 
paper by the CLEG collaboration "Search for Electromagnetic Penguin Mediated 
B decays", paper #531, and P. Kim, private communication. 

82. J.F. Gunion and B. Grzadkowski, Phys. Lett. B243 (1990) 301. 

83. ARGUS GoUab., H. Albrecht et al, Phys. Lett. B210 (1988) 258. 

84. ARGUS CoUab., H. Albrecht et ai, Phys. Lett. B229 (1989) 304. 

85. CLEG Collab., P. Avery et ai, Phys. Lett. B223 (1989) 470. 

86. ARGUS Collab., H. Albrecht et ai, Phys. Lett. B262 (1991) 148. 

87. CLEG Collab., P. Avery et ai, Phys. Lett. B183 (1987) 429. 

88. UAl GoUab., G. Albajar et al, Phys. Lett. B262 (1991) 163. 

89. P.J. O'Donnell and H.K.K. Tung, Phys. Rev. D44, 741 (1991). 

90. N. Isgur and M. Wise, Phys. Rev. D42, 2388 (1990). 

91. G. Burdman and J.F. Donoghue, Phys. Lett. B270, 55 (1991). 

92. T. Altomari, Phys. Rev. D37 677 (1988). 

93. N. Deshpande, P. Lo, J. Trampetic, G. Eilam, and P. Singer, Phys. Rev. Lett. 59 
183 (1987). 

94. G.A. Domingucz, N. Paver, and Riazuddin, Phys. Lett. B214, 459 (1988). 

95. T.M. Aliev, A.A. Ovchinnikov, and V.A. Slobodenyuk, Phys. Lett. B237, 569 
(1990); B237, 527 (1990). 

96. N. Isgur, D. Scora, B. Grinstein, and M. Wise, Phys. Rev. D 39 799 (1989). 

97. C. Haync and N. Isgur, Phys. Rev. D 25 1944 (1982). 

98. G.J. Bebek et al., Phys. Rev. D 17 1693 (1978). 



17 



99. M.B. Voloshin and M.A. Shifman, Yad. Fiz. 45 (1987) 463 [Sov. J. Nucl. Phys. 45 
(1987) 292] and Sov. J. Nucl. Phys. 47 (1988) 511. 

100. E. Eichten in Field Theory on the Lattice, Nucl. Phys. (Proc. Suppl.) 4 (1988) 
170. 

101. H.D. PoUtzer and M.B. Wise, Phys. Lett. B206 (1988) 681; B208 (1988) 504. 

102. N. Isgur and M. Wise, Phys. Lett. B232 , 113 (1989); Phys. Lett. B237, 527 

(1990). 

103. N. Isgur, Phys. Rev. D43 (1991) 810. 

104. J.D. Bjorken, Results and Perspectives in Particle Physics, (ed. M. Greco, Editions 
Prontieres, Gif-sur Yvette, Prance) 583. 

105. P.J. O'Donnell and H.K.K. Tung, preprint. University of Toronto UTPT-92-12. 



18 



